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Field of the Invention 

[0001] The present invention relates to power regulators generally, and 
more particularly relates to on-chip or internal voltage regulators. 

BACKGROUND OF THE INVENTION 

5 [0002] Voltage regulators for use with electronics circuits are well known. 

It is also known to include a voltage regulator on the die of an integrated circuit. The 
difficulty with typical internal voltage regulator comes when power is first applied and 
the system, including the internal regulator, is initializing and reaching a stable state. 

[0003] In a typical arrangement, when power is first applied an unregulated 
10 voltage source is applied to the regulator circuit. The unregulated voltage source 
typically may vary over a very wide range, including well in excess of twenty volts in 
many instances, and much higher - in excess of eighty volts - in at least some 
instances. More importantly, such voltages may - at least briefly at startup - be 
applied to the primary circuit that the regulator is designed to protect. 

15 [0004] While the components of many integrated circuits can withstand the 

higher voltages, some circuits have components which cannot. Thus, for example, it 
is well known that certain types of transistors cannot withstand applied voltages 
greater than ten volts; others cannot withstand applied voltages at higher levels, but 
would still be damaged if those levels were exceeded. 

20 [0005] As a result, there has been a need for a startup regulator system 

and method which provides appropriate protection to the load circuit during the 
startup process while still permitting the regulator to function once the regulator has 
stabilized. In addition, there has been a need for a regulator which offers protection 
to load circuits where the initial applied voltages exceeds the typical damage 

25 threshold for those components, for example on the order of eighty volts. 

THE FIGURES 

[0006] Figure 1 illustrates in simplified schematic diagram form an 
exemplary arrangement of the present invention. 
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[0007] Figure 2 illustrates in detailed schematic diagram form an 
exemplary implementation of the invention. 

SUMMARY AND DETAILED DESCR>PTION OF THE INVENTION 

[0008] Referring to Figure 1, an exemplary arrangement of the present 
5 invention is shown in simplified schematic view. On a very general level, the 
regulator of the present invention involves an operational amplifier (or "op amp") 100 
connected in a negative feedback loop configuration through a transistor 105 to 
provide regulation of an output voltage at node 110. designated as Vdd. where the 
supply voltage 101 to the transistor 105. designated Vbat, is unregulated. 

10 Essentially, the output of the op amp 100 controls the gate voltage of the transistor 
105 to control the extent to which the supply voltage passes through the transistor 
105 to the node 110. The output voltage Vdd is supplied to the sense input of the op 
amp 100 to provide appropriate feedback. The result is that Vdd is a regulated 
voltage source for downstream devices integrated into the same semiconductor 

15 substrate, or chip. Such downstream devices, which may take many forms, are not 
shown for the sake of clarity. 

[0009] While the foregoing circuit works very well in normal operation, 
more complicated issues arise during the power-on, or initialization, process. While 
the power-on process is brief, significant damage can occur to the downstream 

20 devices if the unregulated voltage Vbat is applied to those downstream devices. To 
avoid this, during start-up a switch 115 disconnects the output of the op amp 100 
from its direct connection to the gate of the transistor 105. By opening the switch 
115, bootstrap logic 120 is allowed to control the node Vqd until the output of the op 
amp 100 reaches a stable state, at which time the switch 115 again closes and the 

25 bootstrap logic 120 is effectively disconnected until the next initialization of the 
circuit. The regulator and bootstrap logic shown in detail in Figure 1 illustrates an 
exemplary arrangement of the present invention that provides voltage protection and 
regulation during both start-up and steady state operation, with the objective of 
preventing unregulated voltages from appearing on the node Vdd where such 

30 unregulated (and especially high) voltages might damage the downstream devices. 
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[00010] Referring next to Figure 2, an exemplary arrangement of the 
present invention is shown in a more detailed schematic view. In normal operation, 
regulation of the output voltage Vdd is achieved by using the GATE output of the op 
amp 100 to control the voltage applied to the gate of transistor 105, designated 
5 PHVI, where the unregulated voltage source, Vbat, is supplied to the source of the 
transistor 105. The op amp 100 may for example be a typical NMOS differential op 
amp. By controlling the gate voltage, the voltage appearing at the drain of the 
transistor 1 1 0, which is the node 1 10 or Vdd. can be forced to the desired voltage, for 
example five volts, three volts, or any other desired voltage. 

10 [00011] As discussed in connection with Figure 1, while the foregoing 

regulation scheme works very well during normal operation, significant damage can 
occur during initialization, or start-up, of the circuit. At initialization, or start up, 
signals EN and EN_LS are applied on nodes 125 and 130, respectively. A Power 
On Reset circuit 135 applies a pulse on the line designated Vccon, to initialize the 

15 circuit, after which the signal Vccon returns low until the chip is again initialized. To 
prevent the voltage Vbat from being applied to the node 1 10 at start-up, the transistor 
designated PHV4 operates as the switch 115, and responds to Vccon to disconnect 
the GATE output of the op amp 100 from the gate of the transistor 105, or PHV1. 
This allows the bootstrap circuitry, discussed in greater detail below, to control the 

20 voltage at node 110. 

[00012] To ensure that the gate of transistor 105 is pulled high when the 
part is disabled, transistor 140. shown as PHV3, is connected between Vbat and the 
gate of transistor 105. with the gate of transistor 140 being controlled by the EN_LS 
signal from node 130. In addition, transistor 145, shown as PHV2, is connected 

25 between Vbat and the gate of transistor 105 to prevent transistor 105 from turning on 
when the signal Vccon is applied. The gate of the transistor 145 is controlled by 
transistor pair 150A-150B, shown as PHV27 and NHV16, which cooperate to keep 
transistor 145 fully on while Vccon is high, and fully off while Vccon is low and also 
provide a slight delay to prevent race conditions. The permits the op amp 100 to 

30 have full control of transistor 105 when the regulator is operating at steady state. 
Thus, during start-up, the transistor 105 is prevented from conducting, thereby 
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permitting the circuitry shown in Figure 2 below and to the right of transistor 105 to 
control the voltage which appears on node Vdd during the transitional period. 

[00013] To establish Vdd while Vccon is high and transistor 105 is held off, a 
current mirrored transistor 155, shown as PHV7, supplies power to the node Vdd to 
5 help establish the reference voltage Va io. The reference voltage V2_io shown on 
node 157 provides the Vref input to the op amp 100. A transistor 160, designated 
NHV3, also provides current and voltage to Vdd while Vccoon is high. Transistors 
165 and 170, designated as PHV6 and NHV1, mirror the current in branch CC_Bias 
into Vdd. 

10 [00014] The gates of transistors 175 and 180, designated PHV5 and NHV2 

are driven by the externally-supplied EN signal on node 125. When the EN signal is 
high, the voltage on the gate of transistor 170 is low, which allows Vbat to be applied 
to the capacitor Cboost. shown at 190. The voltage on the line 185, designated 
BIAS_ON, spikes as high as several diode drops; for example, six diode drops are 

15 shown in Figure 2, with transistors 180A-F, designated in Figure 2 as transistors Ml 
through N6. The diode drops provide a certain amount of regulation, but also allow 
the gate of transistor 170 to turn on, establishing the current mirror into Vdd 
discussed above on the branch CC_Bias. 

[00015] As the transistor 155, or PHV7, is allowed to turn on to deliver 
20 power to Vdd. the reference voltage V2_io also starts to rise. As discussed above, 
voltage V2_io provides the reference voltage Vref to the op amp 100, so that the 
increase in V2_io allows the op amp 100 to begin to take over. At the same time, 
another reference voltage, Vi_2o. shown at node 193, also starts to rise and, by 
turning on transistor 195 shown as N7, slowly pulls down the gate of transistor 170, 
25 or NHV1, so that the current mirror is shut off. This enables the op amp 100 to have 
entire control of the transistor 105, and therefore control of the regulation of Vdd, It 
will be appreciated that the current mirror does not turn off until the voltage 
references Vi_2o and V2_io are established and these voltages are, in at least an 
exemplary arrangement, established from the same resistive tree. By virtue of this 
30 approach, availability of a +5v internal supply is assured. It will be appreciated by 
those skilled in the art that the reference voltages Vi_2o and V2_io may be provided by 
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different branches of a resistive tree, and thus start to rise slowly to their reference 
values when power is first applied. 

[00016] It will also be appreciated that, in some instances, VeATmay already 
be asserted even though the outside enable signal EN is kept low. In this instance, 
5 the part is off, and no power is consumed. In such circumstances, when the enable 
signal EN is switched high, the initial inrush of current onto the capacitor Cboost 
through transistor 175 causes the same spike on the node BIAS_ON, which again 
turns on transistor 170 and the current mirror CC_BIAS, thus sending power to Vdd. 

[00017] Having fully described a preferred embodiment of the invention and 
10 various alternatives, those skilled in the art will recognize, given the teachings 
herein, that numerous alternatives and equivalents exist which do not depart from 
the invention. It is therefore intended that the invention not be limited by the 
foregoing description, but only by the appended claims. 
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